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INTRODUCTION
Changing consumer needs have led to a rapid growth of convenience foods such as breakfast cereals and snacks of high nutritional value that will sufficiently meet the needs of the working population in developing countries. Extrusion can be used for the processing of convenience foods due to lower production costs, wide variety of products, evaluation of whole raw materials and a versatile production technique comparing to the known traditional food processing methods. This process of high temperature short time extrusion bring gelatinization of starch, denaturation of protein, modification of lipid and inactivation of enzymes, microbes and many antinutritional factors. [1] Cereal grains are generally used as main raw materials in extruded food production due to their good expansion characteristics. Starch provides most of the texture and structure of expanded products made from cereals. [2] Bhattacharya and Prakash [1] studied the extrusion of blends of rice and chickpea flours, containing 20% moisture through single screw extruder. It was observed that incorporation of chickpea into rice flour decreased torque and product expansion, but increased bulk density and shear strength. Chestnut flour was found to be suitable for the extrusioncooking process adopted if properly mixed with rice flour, with 30% chestnut flour percentage processed at 120°C producing a snack-like product with limited density and browning that was judged good by a sensory panel. [3] Asare et al. [4] proposed a model describing the optimal process variables for the extrusion of puffed snack with enhanced product quality characteristics from rice-cowpea-groundnut blend. The models developed suggested that the optimal process variables for the production of a puffed snack with an enhanced nutrition and spongy structure from a rice-cowpea-groundnut blend are low feed moisture of 14-20%, maximum additions of 20% cowpea and 10% groundnut. The physical, chemical and sensory properties of the fura extrudates made from the mixtures pearl millet flour and legume flours including cowpea, soybean and groundnut paste were studied by Nkama and Filli. [5] They observed that pearl millet: cowpea (80:20) fura had the highest puff ratio while the pearl millet: groundnut (80:20) fura had the lowest.
Cereal residues are one important source of dietary fibre . [6] Durum clear flour is an undesirable by-product which is obtained during the semolina production by collecting the line fractions of certain streams and the flour which is extracted during grinding and composed approximately 13-16% of the milled durum wheat. Durum clear flour is relatively high in bran, high in protein (14-16%), ash (1.5-2%) and starch (about 65%) and slightly grey in colour. Durum clear flour contains a greater amount of the outer layers of the kernel, which is higher in sugar, pentosans, and ash contents than the endosperm portion. [7] Durum clear flour is generally utilized as additives for improving gluten strength of low gluten grains such as rye and some bakery products such as bread.
Among the nut species, the hazelnut has great importance because of its special nutritional composition of proteins (15-19%) , carbohydrates (15-17%), fat (60%), and vitamins. Its protein quality is also high in comparison to many proteins of plant origin. It appeared to be one of the best sources of plant origin for iron (5.8 mg/100g), calcium (160.0 mg/100 g), and zinc (2.2 mg/100g), which are the most important minerals for growth and development. [8] Defatted hazelnut flour is residual of hazelnut after extraction of oil parts from the main fruit. It is high in protein (35-41%), fibre (10%), and other nutritional constituents. [9] The defatted hazelnut flour can be used in combination with cereal flours for production of extruded food products due to its valuable characteristics.
There is negligible information available in the physical characteristics of extrudates as affected by incorporating durum clear flour and defatted hazelnut flour into rice-based extruded product. The objective of this work was to measure selected physical properties of expanded food products produced by utilizing durum clear flour, partially defatted hazelnut flour (PDHF) and rice grit.
MATERIALS AND METHODS

Raw Materials
Durum clear flour was obtained from Tat Macaroni Industry and Trading Corporation (Gaziantep, Turkey). Partially defatted hazelnut flour (PDHF) was obtained from Ordu Oil Industry Inc. (Ordu, Turkey) and rice grit was obtained from Üçel Food Industry and Trade Corporation.
Blend Preparation
Durum clear flour, PDHF and rice grit were blended in 5 kg batch. Using the laboratory mixer (Kitchen Aid, USA), blends were conditioned by adding sprayed water while tumbling in a rotating drum and mixed for 30 min at the high speed to insure homogeneity of the feeding material before extrusion. Then the blend was packaged in a plastic bag and kept at 5°C for 12 hr to equilibrate moisture. The blend formulations are given in Table 1 .
Particle size Distribution of Blends
Samples of 100 g from each blend were placed in a series of standard sieves (Endecotts Ltd., London, England) with the following sizes: 106 μm, 425 μm, 710 μm, and 1000 μm. Sieves were shaken by a sieve shaker (Octagon 200, London, England) for 10 min. The material retained on the sieves was expresses as percentage of the total weight. The results are the average of two measurements.
Extrusion
Thermo Haake Polydrive with Rheo R252 (Karlsruhe, Germany), single screw extruder was employed for this study. This model has a barrel length of 476.25 mm and 19.95 mm inside diameter (length to diameter ratio, 25:1). The extruder has three heating zones with electrical resistance heaters and thermocouple sensors to monitor the temperature. Pressure transducer was used to measure pressure at the die. Screw profile was made of uniformly tapered screw with a nominal compression ratio of 3:1 and diameter of 19 mm. The discharge opening of cylindrical die was 2.5 mm. The temperatures of the heating zones in the extruder are as follows: Preheating: 90°C/ Zone1:120°C/ Zone 2:130°C/ Zone3:
In preliminary experiments, the extrusion conditions were optimized for maximum expansion of rice grit and held constant throughout the study. Under condition of 18% feed moisture content 90 rpm screw speed and temperature profile mentioned above, samples were puffed. This extrusion process conditions were used to obtain extrudates. Before the extrudate was collected, care was taken to ensure that the flights at the feed section were kept full throughout the extrusion run. During each extruder run, the machine was allowed to equilibrate for 5-10 min until a stable torque was achieved. Extrudate were collected on metal screens to allow excess steam flash off. Once cool, all samples were transferred to plastic bags and stored for analysis. 
YAGCI AND GOGUS
Analytical Tests
Moisture, ash, protein, fat analysis of raw materials was carried out using standard procedures of AOAC. [10] Carbohydrates were calculated by difference. All analyses are expressed as the mean (±SD) of triplicate analysis (g/100 g sample).
Determination of Product Properties
Radial expansion ratio. Radial expansion of the extrudates was calculated by dividing cross-sectional area of the extrudates to the cross-sectional area of the die orifice. [11, 12] Varnier calliper was used to measure the diameters of extrudates. Ten samples were used for each extrudate to calculate the average.
Colour. The colour measurement was done using HunterLab ColorFlex (A60-1010-615 Model Colorimeter, Hunter Lab, Reston VA). The extrudate was milled to pass through a 425-mesh sieve with a laboratory mill. The colour values will be expressed as L (lightness or darkness), a (redness or greenness), b (yellowness or blueness). The colorimeter was calibrated against a standard white plate (L = −91.09, a = −1.12, b = 1.51). Three readings were averaged.
Instrumental texture. The textural characteristics of extrudate were measured with a TA-XT2i Texture Analyzer using a Warner Bratzler shear probe (Texture Technologies Corp, Scarsdale, NY/Stable Micro Systems, Godalming, Survey, UK) and the software texture Expert (version 2.03). Samples were uniaxially cut using a crosshead speed of 1 mm/s and 10 mm distance and the results were given as the average of three replicates. Breaking strength of extrudate was calculated by dividing the maximum peak force in the forcetime curve to the cross sectional area of the extrudate (N mm −2 ).
Statistical Analysis
Statistical analysis of the obtained data was carried out by using SPSS (version 10.0) package programme at 95% confidence interval. One-way ANOVA with Duncan's multiple range test was used to compare experimental data.
RESULTS AND DISCUSSION
The proximate compositions of the raw materials are shown in Table 2 . Durum clear flour, PDHF and rice grit blends having a feed moisture content of 18% (wb) and with various ratios (Table 1) were extruded using a screw speed of 90 rpm and 2.5 mm die. Preliminary trials revealed that high PDHF (>25%) causing irregular flow in the extruder barrel and blockage of the die head. Therefore, the percentage of rice grit in blends was kept as 60 and 70%. The results of the particle-size distribution of flour granules are presented in the Fig. 1A . As it is seen the blends have a quite different size distribution. The blends were slightly shifted into higher particle size increasing with the PDHF content.
Extrudate of widely different physical structure were obtained in the experiments with blends of rice, durum clear flour, and PDHF. Fig. 1B shows the physical appearance of extrudates obtained by cutting extrudate in longitudinal cross-section. Visual observation of cross sections of extrudates exhibited the presence of small numbers of air cells of irregular size. A porous, expanded, sponge-like structure is formed inside extrudates due to many tiny steam bubbles produced by the rapid release of pressure after exiting the die. [13] 
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Air cells were created during extrusion giving expanded products with variable pore size and the number. The most acceptable extrudate in terms of air cell homogeneity was the sample g (5% Durum clear flour, 25% PDHF and 70% rice grit) as shown in Figure 1B .
The expansion ratio of the extrudates seeks to describe the degree of puffing undergone by the dough as it exits the extruder. The stored energy was released in the expansion process, increasing the radial expansion ratio. [12] In the experiments with blends of rice and durum clear flour and PDHF, the radial expansion ratios measured for all the extruded samples ranged between 3.2-4.5. This was comparatively lower than reported for rice alone. [1] Expansion ratios of extrudates were similar to published values of rice-based extrudates. [4, 14, 15] The expansion ratio obtained for the blend having 60% rice grit and 40% durum clear flour was 3.3, and this was lower than the blend having 70% rice and 30% durum clear flour. The decrease in expansion of blends may be due to an increase in protein content resulting in a decrease in amount of starch, because the protein does not expand as well as the starch. Prinyawiwatkul et al. [16] presented that addition of protein to a starchy extrusion system may retard expansion by increased firmness of plasticized extrudates. Bhattacharya [17] reported that extrudates produced from rice-green gram blends have lower expansion ratios than the rice alone. It was concluded that the reason is due to higher level of protein in the blend compared to rice alone. Similar finding was observed for the rice-cowpea-groundnut blend, cowpea and groundnut additions to the rice resulted in decrease the expansion ratio. [4] The lowest expansion ratio was obtained with durum clear flour to PDHF ratio of 5:25, whereas the highest ratio was with 15:15 for the rice content of 70% in this study.
Radial expansion ratio was significantly (p < 0.05) affected by PDHF content (Fig. 2A) . The most drastic change in product expansion was the increase that occurred with 15% PDHF. Expansion was controlled mainly by the ratio of hazelnut flour to durum clear flour. When they are equal into each other, the maximum expansion was observed. The sharp decrease of expansion index with maximum level of PDHF could be explained by its higher fibre content [9] ; it may affect the extent of starch gelatinization, and the rheological properties of the melted material in the extruder. Camire and King [18] stated that nonstarch polysaccharides in fibre might bind water more tightly during extrusion than do protein and starch. This binding may inhibit water loss at the die and thus reduce expansion. Additionally, fibre particles usually decrease the product expansion by rupturing the cell walls before the gas bubbles could expand to their full potential. [19] The maximum peak force from texture analyzer represents the resistance of extrudate to initial penetration and is believed to be hardness of extrudate, whereas force at first yield represents the fracturability of the product. [6, 15] Breaking strengths were calculated by dividing the maximum peak force (Hardness, N) to the total cross sectional area of the extrudate. Breaking strengths measured for all extrudates varied between 0.387-0.854 N mm −2 . Similar findings were reported for the rice flour-amaranth blends, the values ranged from 0.13 to 0.59 N mm −2 . [14] The values were lower than the 100% rice extrudate (preliminary trials). Breaking strength of the blend having 60% rice grit and 40% durum clear flour was 0.499 N mm −2 . The PDHF level in blend decreased product texture for lower PDHF levels and increased for higher PDHF levels. For extruded foods, it was desirable to have low values for hardness and consequently breaking strength. [6] Increase in PDHF level from 0-25% decreased the breaking strength of the samples. The minimum breaking strength value was observed at a level of 25% PDHF level. The study clearly showed that increasing the percent of PDHF in the product resulted softer extrudates, which have lower breaking strength values (Fig. 2B ). Low breaking strength values are usually related to a large number of small cells per unit area with thinner cell walls, resulting crispy texture and reduced hardness. [20] Decrease in breaking strength of extrudates with increasing PDHF content may be related with increased content of oil from approximately 0.8-4.0 %, which improved extrusion process and texture. Cheftel [21] also reported that fat provides a powerful lubricant effect in extrusion cooking and it improves texture; however, he found that excess fat over 5% reduces product expansion. Suknark et al. [13] reported when partially defatted peanut flour was substituted to starch at low levels (15-30%), the shear strength of the extrudates decreased. Similar findings were reported for the rice flour-amaranth blends, they reported that increasing amaranth content up to 21% decreased breaking strength of the extrudates, but further increasing amaranth content increased breaking strength of the extrudates. [14] The colour of sample is denoted by the three dimensions L, a and b. The L value gives a measure of the lightness of the product colour. The redness and yellowness are denoted by the a and b values, respectively. The measured values of the colour parameters of extruded blends varied in the range from 48.72-72.24 for lightness (L), 1.95-5.79 for redness (a), and 13.79-15.26 for yellowness (b). The colour parameters of the blend having 60% rice grit and 40% durum clear flour were 72.24 for lightness (L), 1.95 for redness (a), and 15.26 for yellowness (b). The colour of the blends tends to turn slightly darker when the PDHF percentage increased in the initial blend (Fig. 2C) . The increase in darkness can be attributed to the darkness of the PDHF compared to the nearly white rice and durum clear flour. The addition of hazelnut flour to the blend also caused to redness (a) to increase whereas yellowness (b) was kept nearly constant in all blends. This trend can be attributed to the colour of the hazelnut flour in contrast to rice flour. The extrudate lightness (L) tends to decrease with increase in PDHF content, this trend is due to the darkening effect determined PDHF addition. The lightness (L) and redness (a) in extrudates showed gradual decrease in lightness and increase in redness with increasing PDHF level, at the same time decreasing the durum clear flour level.
CONCLUSION
The results obtained from this study demonstrated that directly expanded extrudates could be produced from PDHF and durum clear flour with rice. The lowest expansion ratio was obtained with durum clear to PDHF ratio of 5:25, whereas the highest ratio was with 15:15 for the rice content of 70%. Increase in PDHF level from 0-25% decreased the breaking strength of the samples. The color of the blends tends to turn slightly darker when the PDHF percentage increased in the initial blend.
